BioWardrobe is an integrated platform that empowers users to store, visualize and analyze epigenomics and transcriptomics data, without the need for programming expertise, by using a biologist-friendly webbased user interface. Predefined pipelines automate download of data from core facilities or public databases, calculate RPKMs and identify peaks and display results via the interactive web interface.
The recent proliferation of next-generation sequencing (NGS) -based methods for analysis of gene expression, chromatin structure and protein-DNA interactions has opened new horizons for molecular biology. These methods include RNA sequencing (RNA-Seq) 1 , chromatin immunoprecipitation sequencing (ChIP-Seq) 2 , DNase I sequencing (DNase-Seq) 3 , micrococcal nuclease sequencing (MNase-Seq) 4 , assay for transposase-accessible chromatin sequencing (ATAC-Seq) 5 , and others. On the "wet lab" side, these methods are largely well established and can be performed by experienced molecular biologists; however, analysis of the sequenced data requires bioinformatics expertise that many molecular biologists do not possess. Re-utilizing published datasets is also challenging: although authors usually comply with the longstanding requirement to deposit raw data files into databases such as Sequence Read Archive (SRA) or Gene Expression Omnibus (GEO), it is impossible to analyze these datasets without special expertise.
Even when processed data files (e.g., gene expression values) are available, direct comparison between datasets is ill advised because different laboratories use different pipelines (or different software versions). This situation means that biologists require the help of bioinformaticians even for the simplest of tasks, such as viewing their own data on a genome browser, putting these exciting techniques beyond the reach of many laboratories. Even when bioinformaticians are available, differences in priorities within collaborations can result in delays and misunderstandings that are damaging to the research effort. An optimal way to mitigate these problems is to enable biologists to perform at least basic tasks without the help of bioinformaticians by providing them with a user friendly data analysis software.
Multiple stand-alone programs and web services are available for the analysis of NGS data. However, the majority of currently available tools have a command-line interface, solve one specific and typically require file conversions between them. The commercial programs Genespring 6 , Partek 7 and Golden Helix 8 can be run on regular desktop computers and allow analysis of gene expression or genetic variation.
However, users have to load the data manually and store it on their desktop computers; given the sheer volume of NGS datasets, this set up makes data analysis complicated at best. Furthermore, these tools do 4 not allow for seamless integration of multiple, published or locally produced datasets. Illumina Basespace 9 and Galaxy server 10 allow for both storage and analysis of data and have integrated viewing tools.
However, they require transfer of data outside the institution (which may be prohibited by HIPAA regulations in some cases) and provide only limited storage space for user data. Although Galaxy provides the opportunity to run tools without using a command-line interface, users still have to manage file type conversions and select detailed parameters each time, which requires a deep understanding of each tool and file format. Absence of stable pipelines may result in inexperienced users comparing "apples to oranges". In summary, few of the available tools provide a biologist-friendly interface, and none integrate such an interface with data storage, display and analysis.
We therefore developed BioWardrobe-a biologist-friendly platform for integrated acquisition, storage, display and analysis of NGS data, aimed primarily at researchers in the epigenomics field. BioWardrobe features include download of raw data from core facilities or online databases (e.g., GEO), read mapping and data display on a local instance of the UCSC genome browser 11 , quality control and both basic and advanced data analysis (Fig. 1a) . In basic analysis ( Supplementary Fig. 1a Fig. 1b) . Incorporating additional custom scripts is facilitated by a built-in interface for the R programming language. All of the precomputed data are stored in an SQL database and can be accessed via a convenient web interface by biologists.
Bioinformaticians, on the other hand, can access the data from R using a provided R library or using other Fig. 2a) , BioWardrobe downloaded the dataset and performed basic analysis (Supplementary Fig. 2b) . ChIP-Seq data demonstrated the expected percentage of reads mapped and base frequency ( Supplementary Fig. 3a-d) ,
average tag density profiles showed high enrichment at promoters (Supplementary Fig. 3ef ) and MACS2 identified large number of islands, the majority of which (68-77%) were located at promoters ( Supplementary Fig. 3g-j We used a second, published dataset to examine the role of KDM5B in regulating H3K4me in mouse embryonic stem (ES) cells (GSE53093 19 ). The dataset includes RNA-Seq data for embryonic stem cells transfected with short hairpin RNA against luciferase (Control, shLuc) and against Kdm5B (shKdm5b) RNA.
ChIP-Seq was performed for KDM5B and against H3K4 dimethylation and trimethylation (H3K4me2/3) in both shLuc-and shKdm5b ES cells. Basic analysis showed good quality datasets ( Supplementary Fig. 4 , right and not shown) for both ChIP-Seq and RNA-Seq. KDM5B was enriched at the promoters of expressed genes (Fig. 2a) . H3K4me3 tag density profiles showed that Kdm5b knock-down resulted in a statistically significant redistribution of H3K4me3 tag density from promoters to the bodies of expressed genes (Fig.   2b ). This was confirmed by heatmap analysis that showed spreading of both H3K4me2 (Fig. 2c) and me3
(not shown) into the gene bodies upon Kdm5b knockdown. Further, we compared H3K4me3 levels between individual H3K4me3 islands in shLuc-and shKDM5B-expressing cells using MAnorm.
Interestingly, the majority of islands that have significantly (p < 0.01, fold > 2) gained H3K4me3 upon Kdm5b knock-down were located in gene bodies ( Fig. 2d) , confirming the results obtained from average tag density profiles and reported in the original publication.
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In summary, we have developed a semi-automated system for storage, visualization and analysis of NGS data.
BioWardrobe has been used to analyze data in several publications [20] [21] [22] [23] [24] . The system can be installed on Mac or Linux computers and can provide a data analysis solution for an entire laboratory or institution.
8
Online Methods 
System overview

Basic analysis
Basic analysis includes operations that are performed on a single library ( Supplementary Fig. 1a Fig. 3gh ) and as a table together with the nearest genes. The Island table can be used to select a cut-off for significant peaks that will be used in the downstream analysis. Additionally, the fasta sequences of peaks can be obtained with the click of a button and used with third-party tools (e.g., MEME-
) to produce sequence logos. Use of different parameters or pipelines for different antibodies (e.g., "broad peaks" MACS option for H3K27me3) is possible. Additionally, users can elect to use one of the experiments in the database as an "input" control for MACS. The distribution of the islands between genomic areas (promoters, exons, etc.) is displayed as a stacked bar graph (Supplementary Fig. 3ik ).
For RNA sequencing (RNA-Seq) analysis, reads are aligned to the genome using RNA STAR (spliced transcripts alignment to a reference) 13 provided with the appropriate National Center for Biotechnology Information Reference Sequence (RefSeq) transcriptome. Other annotations can also be installed. The quality control tab displays the number of reads aligned within and outside the transcriptome. The percentage of the reads mappable to ribosomal DNA are displayed to estimate the quality of ribosomal RNA depletion (Supplementary Fig. 2b) . Interpretation of quality control data is shown in Supplementary   Fig. 4 . Data are deposited on the browser, and RPKMs are calculated for each transcript (algorithm to be described elsewhere). Depending on the application, RPKM values can be presented for each transcript or summed up for each transcription start site (TSS) (for gene expression studies) or for each gene (for functional studies, e.g., Gene Ontology). analysis (e.g., gene set enrichment analysis).
Advanced analysis
The gene sets can also be used to create average tag density profiles and heatmaps within BioWardrobe (Fig. 1b) (Fig. 1b, insert) . All graphs can be downloaded in publication-quality scalable vector graphics (SVG)
format.
For ChIP-Seq, the task is usually the identification of areas that have different levels of binding between samples. The difficulty here is that the signal-to-background ratio (enrichment) is usually slightly different 
R interface
Although, we sincerely believe that the set of quality control measurements and tools that we provide is the most useful, this may be a matter of personal preference. In order to allow for easy addition of custom analysis, we have incorporated R language script editing into BioWardrobe web interface for both basic and advanced analysis steps. System administrators can add custom R scripts in the R tab, and biologists can run these scripts via graphical web interface. In the basic analysis, customized R scripts can be run for each sample automatically or for selected samples. As an example, we have added scripts that provide the histogram of read pile-up or island length for ChIP-Seq data or gene body coverage and RPKM histogram for RNA-Seq data (Supplementary Fig. 5 ). In the advanced analysis R interface, customized scripts can be provided by system administrators. BioWardrobe will download the data, select the appropriate analysis pipeline and perform quality control. H3K4me3 in Naïve The arrow points to the high number of reads mappable to a ribosomal DNA repeat unit, suggesting incomplete removal of ribosomal RNA from the sample. This will not a ect the results, but the experiment will require more sequencing since a large number of reads will be unproductively used on ribosomal RNA. Interpretation of other quality control measures is discussed in Supplementary Figures 3 and 4 . The absence of AT bias in these base frequency plots suggests enrichment of H3K4me3 in the vicinity of genic areas (also see g). The spiky plot in (c) is characteristic of adapter contamination in the library and suggests that the adapter/insert ratio during ligation needs to be decreased. This problem will not a ect results, but the experiment will require more sequencing since a fraction of the reads will be unproductively used on adapter-dimers. (e,f) Average tag density pro les around the transcription start sites (TSSs) of all genes suggests that H3K4me3 is enriched around the TSS as expected. The experiment in (e) has slightly better enrichment, whereas the experiment in (f ) has a better resolution due to a much shorter fragment size (estimated by MACS as 287 vs. 146 for e and f, respectively). 
